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1
MONITORING AND CONTROL APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1invention relates to a monitoring and control
apparatus for monitoring and controlling facilities and equip-
ment of a plant and, more particularly, to a monitoring and
control apparatus provided with means for veritying healthi-
ness of a control processing unit within the apparatus.

2. Description of the Background Art

One known conventional system of this kind 1s a measure-
ment control system disclosed in Japanese Laid-open Patent
Application No. 1987-276991, for example. In this measure-
ment control system, a detecting end device and an operating,
end device provided on-site are connected to a control unit by
transmission lines, and the control unit collects measurement
information from the detecting end device and controls the
operating end device by performing specific control process-
ing operation. The measurement control system includes a
data input unit and a data display unit provided on the outside
ol the control unit, and when the control unit performs its own
test, the control unit causes the data mput unit to transmit
simulated data for testing, processes the simulated data by a
control processing program of the control unit and displays a
test result on the data display unat.

Another known system of this kind 1s a conventional test
support system described in Japanese Laid-open Patent
Application No. 1997-114689, for example. The test support
system for testing programmable logic controllers (PLCs)
which are interconnected on a communication network and
serve as constituent elements of a distributed system 1s pro-
vided with a PLC emulator, instead of the PL.Cs on the net-
work, for simulating transmission and reception of data to and
from a group of personal computers and a data storage func-
tion.

In the system of Japanese Laid-open Patent Application
No. 1987-276991 cited above, transmission and reception
through the transmission line between the control unit and the
on-site devices are iterrupted or switched at the time of
testing and, then, the simulated data 1s generated and nput
into the control unit and the test result 1s output. Even 11 the
system 1s so configured as to automatically generate the simu-
lated data as described 1n Japanese Laid-open Patent Appli-
cation No. 1997-114689 cited above, 1t 1s necessary to pro-
vide an external device for inputting and outputting the
simulated data to and from the control unit. Furthermore, 1t 1s
not easy to switch the transmit/receive operation between the
control unit and the on-site devices which are actually used
during real operation to transmit/recerve operation between
the control unit and the external device for mputting and
outputting the simulated data, and this makes 1t difficult to
achieve a reduction 1n size and simplification of the system
configuration.

SUMMARY OF THE INVENTION

The present invention has been made to solve the afore-
mentioned problems of the prior art. Accordingly, it 1s an
object of the ivention to provide a monitoring and control
apparatus for monitoring and controlling facilities and equip-
ment of a plant which makes 1t possible to easily verily
healthiness of a control processing unit with a compact and
simple system configuration without requiring an externally
provided device for inputting and outputting simulated data.

A monitoring and control apparatus according to the
present invention 1s an apparatus for controlling an external
object to be monitored and controlled by performing specific
control processing operation based on state information col-
lected from the object to be monitored and controlled, the
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2

apparatus including a real information mput unit, an nput
separating operation unit, a control processing unit, an output
separating operation unit, a real information output unit, a
simulator umit and a switching unit. The real information
input unit recerves the state information which 1s a physical
signal input from the object to be monitored and controlled
and converts the state information into a real information
label format which can be processed by software. The mput
separating operation unit label-converts the state information
converted 1nto the real information label format 1nto a sepa-
rated information label format which 1s handled by the con-
trol processing unit and outputs the state information thus
converted to the control processing unit. The control process-
ing unit performs the aforementioned specific control pro-
cessing operation based on the state information label-con-
verted 1nto the separated information label format and outputs
control information in the separated information label format.
The output separating operation unit label-converts the con-
trol information fed from the control processing unit into the
real information label format. The real mnformation output
unmt converts the control information label-converted into the
real information label format 1nto a physical signal and out-
puts the physical signal thus converted to the object to be
monitored and controlled. The simulator unit stmulates the
object to be monitored and controlled by using the control
information in the separated information label format which
1s an output from the control processing unit as an input and
outputs simulated state information 1n the separated informa-
tion label format. The switching unit switches the monitoring
and control apparatus between real operation for monitoring
and controlling the object to be monitored and controlled and
simulative operation for operating the simulator unit.

According to this invention, the information expressed 1n
the real information label format which is related to input and
output between the external object to be monitored and con-
trolled and the monitoring and control apparatus and the
information expressed in the separated information label for-
mat handled by the control processing unit have different
label formats which are label-converted to each other. For this
reason, the information in the real information label format
concerning the mput and output 1s not directly related to the
control processing unit, so that 1t 1s possible to easily switch
an mput device of the control processing unit and an output
device thereot to the simulator unit provided within the moni-
toring and control apparatus. Therefore, it 1s possible to easily
verily healthiness of the control processing umit with a further
small-sized and simplified system configuration having the
internally provided simulator unit.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more appar-
ent from the following detailed description when read 1n
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing the configuration of a
plant monitoring and control apparatus according to a first
embodiment of the invention;

FIG. 2 1s a flowchart showing the working of the plant
monitoring and control apparatus according to the first
embodiment of the invention;

FIG. 3 1s a diagram showing a label structure of state
information 1n a separated information label format accord-
ing to a second embodiment of the mvention;

FIG. 4 1s a flowchart showing input separating operation
according to the second embodiment of the invention;

FIG. 5 1s a diagram showing a label structure of control
information in the separated information label format accord-
ing to a variation of the second embodiment of the invention;
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FIG. 6 1s a flowchart showing output separating operation
according to a variation of the second embodiment of the
invention;

FIG. 7 1s a block diagram showing the configuration of a
plant monitoring and control apparatus according to a third
embodiment of the invention;

FIG. 8 15 a flowchart showing operation for storing snap-
shot data according to the third embodiment of the invention;

FI1G. 9 1s a flowchart showing operation for developing the
snapshot data according to the third embodiment of the inven-
tion; and

FIG. 10 1s a block diagram showing the configuration of a
plant monitoring and control apparatus according to a fourth
embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

First Embodiment

As a momtoring and control apparatus according to a first
embodiment of the present invention, a plant monitoring and
control apparatus 10 for monitoring and controlling facilities,
equipment, etc. of a plant 20, for instance, 1s described here-
under with reference to the accompanying drawings. FIG. 1 1s
a block diagram showing the configuration of the plant moni-
toring and control apparatus 10 according to the first embodi-
ment of the mvention.

As shown 1n the Figure, the plant monitoring and control
apparatus 10 which 1s connected to individual facilities and
pieces of equipment (devices A and B 1n this embodiment) by
cables and/or communication lines includes a real informa-
tion mput unit 1, an mmput separating operation umt 2, a
control processing unit 3, an output separating operation unit
4, a real information output unit 5, an analog-to-digital (A/D)
converter 8a and a digital-to-analog (D/A) converter 85. State
information which 1s such physical signals as voltages and/or
currents that are dependent on the state of the device A within
the plant 20 1s input into the plant monitoring and control
apparatus 10 through the A/D converter 8a, the control pro-
cessing unit 3 performs specific control processing operation
based on the input state information, and control information
which 1s such physical signals as voltages and/or currents to
the device B within the plant 20 through the D/ A converter 85.

The plant monitoring and control apparatus 10 further
includes a simulator unit 6 and a switching unit 7, so that the
plant monitoring and control apparatus 10 can be switched by
the switching umt 7 between real operation for monitoring,
and controlling the plant 20 and simulative operation for
testing the control processing unit 3 by operating the simula-
tor unit 6 which simulates the working of the equipment
within the plant 20 by software.

While the plant monitoring and control apparatus 10 1s
configured to collect the state information from a number of
facilities and pieces of equipment within the plant 20 and to
monitor and control the plant 20 by outputting the control
information to the individual facilities and pieces of equip-
ment, the present embodiment 1s described herein referring,
only to the mutually related devices A and B for the conve-
nience of explanation.

Now, individual elements of the plant monitoring and con-
trol apparatus 10 are described 1n detail.

The real information mmput unit 1 recerves the state infor-
mation which 1s physical signals input from the device A
through the A/D converter 8a, converts the state information
into a label format (hereinafter referred to as the real infor-
mation label format) which can be processed by software, and
outputs the information thus converted. The state information
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converted into the real information label format 1s hereinafter
referred to as PDI data (where PDI stands for “Process Data
In’).

The mput separating operation unit 2 recerves the PDI data
input from the real information mputunit 1, label-converts the
PDI data into a label format (heremnafter referred to as the
separated information label format) which 1s handled by the

control processing unit 3, and outputs the label-converted
data. The state information label-converted into the separated

information label format 1s hereinafter referred to as DI data
(where DI stands for “Data In”).

An 1nput side of the control processing unit 3 1s connected
to the input separating operation unit 2 and an output side of
the control processing unit 3 1s connected to the output sepa-
rating operation unit 4. The control processing unit 3 receives
the DI data input from the mput separating operation unit 2,
performs the specific control processing operation, such as
numerical control processing operation, sequence control
processing operation or warning detection, based on the DI
data, and outputs the control information expressed 1n the
separated information label format. This control information
expressed 1n the separated information label format 1s here-
iafter referred to as DO data (where DO stands for “Data
Out”).

The output separating operation unit 4 receives the DO data
input from the control processing unit 3, label-converts the
DO data into the real information label format, and outputs
the label-converted data. The control information label-con-
verted into the real information label format i1s hereimafter
referred to as PDO data (where PDO stands for “Process Data
Out™).

The real information output unit 5 recerves the PDO data
input from the output separating operation unit 4, converts the
PDO data into the control information expressed 1n the form
of physical signals, and outputs the control information thus
converted. Then, the control information 1s output from the
plant monitoring and control apparatus 10 to the device B
through the D/A converter 8b.

An 1put side of the simulator unit 6 1s connected to the
output separating operation unit 4 and an output side of the
simulator unit 6 1s connected to the input separating operation
unmt 2. The simulator unit 6 receives the DO data output from
the control processing unit 3 through the output separating
operation unit 4, simulates the devices A and B which are
objects to be monitored and controlled and outputs simulated
state information (DI data) expressed in the separated infor-
mation label format. This simulated state information (DI
data) 1s mput into the control processing unit 3 through the
input separating operation unit 2.

The control processing unit 3 performs the control process-
ing operation based on the simulated state information (DI
data) and outputs simulated control information (DO data),
and the stmulator unit 6 receives the simulated control infor-
mation (DO data) through the output separating operation
unit 4 and outputs again the simulated state information (DI
data). Such a sequence of operations 1s repeatedly carried out.

Both of the DI data and the DO data are not discriminated
from each other as being simulated information or real infor-
mation but are processed in the same fashion within the
control processing unit 3.

Next, the working of the plant monitoring and control

apparatus 10 1s described with reference to a tlowchart of FIG.
2.

First, a judgment 1s made to determine whether the plant
monitoring and control apparatus 10 1s 1n real operation mode
or test (simulative operation) mode (step s1). A switching
command 7a for switching the apparatus 10 between the real
operation mode and the test mode may be given in various
ways. For example, the switching command 7a may be given
by the switching unit 7 provided 1n the apparatus 10, as an
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external 1nput, or by transmission from an external man-
machine device. The switching unit 7 switches the mode by
outputting a switching signal 75 according to the given
switching command 7a.

In the real operation mode, the real information input unit
1 receives the state information which 1s physical signals
from the device A through the A/D converter 8a and generates

the PDI data (label: PDIO1, value: 1, for example) by convert-
ing the state information into the real information label for-

mat which can be processed by software. Specifically, the real
information mput unit 1 substitutes the label and value of the
PDI data into input data regions (step s2a: real information
input operation).

Then, the input separating operation unit 2 generates the DI
data by label-converting the PDI data fed from the real infor-
mation nput unit 1 1nto the separated information label for-
mat. Specifically, the input separating operation unit 2 gen-
crates the DI data (label: DIOI=PDIO1, value: 1) by
substituting the label and value of the PDI data into data
regions which are used by the control processing unit 3 1n the
processing operation. This operation 1s a processing opera-
tion for separating the DI data used by the control processing,
unit 3 from the PDI data by transforming the DI data into a
label format differing from the label format of the PDI data
(step s3a: mput separating operation).

Next, the control processing unit 3 generates the DO data
which constitutes the control information by performing the
specific control processing operation based on the state infor-
mation which 1s the DI data fed from the input separating,
operation unit 2. In this case, 11 the specific control processing
operation 1s an operation for “setting the value of the DO data
to 1 when the value of the DI data 1s 1 and otherwise setting,
the value of the DO data to 07, the DO data (label: DOOI,
value: 1) 1s generated (step s4: control processing operation).

Next, the output separating operation unit 4 receives the
DO data input from the control processing unit 3 and gener-
ates the PDO data by label-converting the DO data 1nto the
real information label format. Specifically, the output sepa-
rating operation unit 4 generates the PDO data (label:
PDO01=D0O01, value: 1) by substituting the label and value
of the DO data into data regions of the PDO data. This opera-
tion 1s a processing operation for separating the DO data and
the PDO data from each other by transtorming the DO data
generated by the control processing unit 3 and the PDO data
into different label formats (step s5a: output separating
operation).

Next, the real information output unit 5 converts the PDO
data fed from the output separating operation umt 4 into the
control information expressed in the form of physical signals
and outputs the control mnformation to the device B in the
plant 20 through the D/A converter 86 (step sb6a: real infor-
mation output operation).

Subsequently, if the operation of the plant monitoring and
control apparatus 10 1s not to be stopped (step s8), the opera-
tion 1s returned to step s1 alter a specific time period of delay
(step s9).

When switching the plant monitoring and control appara-
tus 10 from the real operation mode to the test mode, the real
information input unit 1 and the real information output unit
5 are caused to stop operating by the switching signal 75
output from the switching umit 7. Then, the input separating
operation unit 2 recerves information from the simulator unit
6 and the output separating operation unit 4 outputs informa-
tion to the stmulator unit 6. The simulator unit 6 operates upon
receiving the information from the output separating opera-
tion unit 4 and outputs the DI data by simulating the devices
A and B.

If the plant monitoring and control apparatus 10 i1s in the
test mode 1n step sl on the other hand, the plant monitoring,
and control apparatus 10 performs the following operations.
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6

The real information input unit 1 stops the real information
input operation and does not generate new PDI data (step
s2b).

Then, the input separating operation unit 2 generates the DI
data from the PDI data fed 1n a preceding cycle (during the
real operation) 1n a first cycle 1 the test mode. Also, 1 a
second cycle and later 1n the test mode, the iput separating

operationunit 2 employs DI data generated by later-described
simulation operation of step s7 (step s3b: mput separating
operation).

Next, the control processing unit 3 generates the DO data
by performing the specific control processing operation based
on the DI data fed from the mput separating operation unit 2
in the same way as in the real operation mode. For example,
the value of the DO data becomes equal to 1 1n the first cycle
in the test mode and to 0 1n the second cycle (step s4: control
processing operation).

Next, the output separating operation unit 4 generates the
PDO data from the DO data fed from the control processing
unit 3 1n the same way as 1n the real operation mode (step s5b:
output separating operation).

Next, since the real information output operation by the
real information output unit 5 1s stopped (step s6b), the simu-
lator unit 6 recerves the DO data from the output separating
operation unit 4 and generates the DI data which becomes the
simulated state information by simulating the devices A and B
by software. It 1s now assumed, for example, that the device A
1s a device which outputs 1 i1 input data to the device B 15 0
and outputs O 1f input data to the device B 1s 1. Since the value
of the DO data 1s 1 1n the first cycle 1n the test mode, the value
of the DI data becomes equal to 0 (step s7: simulation opera-
tion).

Subsequently, 11 the operation of the plant monitoring and
control apparatus 10 1s not to be stopped (step s8), the opera-
tion 1s returned to step sl after the specific time period of
delay (step s9).

When the operation 1n the test mode 1s reexecuted, the input
separating operation unit 2 employs the DI data which 1s the
simulated state information generated in the simulation
operation (step s3b), and the control processing unit 3 gener-
ates the DO data which becomes the simulated control infor-
mation by performing the specific control processing opera-
tion based on the DI data which 1s the simulated state
information. Healthiness of the control processing unit 3 1s
tested by causing the control processing unit 3 to output the
simulated control information (DO data) based on the simu-
lated state information (DI data) and displaying these pieces
of information on an unillustrated display unit 1n the above-
described manner.

The aforementioned sequence of processing operations 1s
repeatedly carried out 1n specific cycles that are delayed by
the specific time period in step s9, so that the PDI data, the DI
data, the DO data and the PDO data are overwritten and
thereby updated every cycle.

While one piece of data (label: PDIO1, value: 1) has been
shown as the PDI data 1n the above-described embodiment,
there exist many data labels, such as PDIO1, PDIO2, . . .,
individually having different input data regions 1 there are
many pieces of data. In this case, there will exist correspond-
ingly many pieces of DI data, DO data and PDO data having
respective data regions.

In the aforementioned embodiment, there 1s provided the
simulator unit 6 for simulating the objects to be monitored
and controlled within the plant monitoring and control appa-
ratus 10 to test the healthiness of the control processing unit 3
by switching an input device of the control processing unit 3
and an output device of the control processing unit 3 to the
simulator unit 6 1n the test mode.

Also, the DI data and the DO data handled by the control

processing unit 3 are separated by giving these data the label
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formats differing from the label formats of the PDI data and
the PDO data which are related to input and output between
the objects to be monitored and controlled and the plant
monitoring and control apparatus 10, so that the PDI data and
the PDO data are not directly related to the control processing
unit 3. For this reason, it 1s possible to easily realize an
arrangement for switching the mput device of the control

processing umt 3 and the output device thereof to the inter-
nally provided simulator unit 6 in the test mode. Also, by
realizing such switching operation, it 1s possible to provide
the simulator unit 6 within the plant monitoring and control
apparatus 10 and achieve a further reduction in size and
simplification of a system configuration without changing
external wirings of the apparatus 10. Additionally, switching
between the real operation mode and the test mode 1s so easy
that 1t 1s possible to easily verily the healthiness of the control
processing unit 3.

The 1put side of the simulator unit 6 and the output side
thereot are connected switchably to the output separating
operation unit 4 and the mput separating operation unit 2,
respectively, so that the input device of the control processing,
unit 3 and the output device thereotf are switched to the simu-
lator unit 6 by the switching operation which allows the
simulator unit 6 to exchange information to and from the
output separating operation unit 4 and the mput separating
operation unit 2 1n the test mode. By using such a configura-
tion, 1t 1s possible to operate individual parts of the input
separating operation unit 2, the control processing unit 3 and
the output separating operation unit 4 by the same software in
the test mode as in the real operation mode. This makes 1t
possible to reduce process load 1n plant monitoring and con-
trol.

Also, the real information input umt 1 and the real infor-
mation output unit 5 are required to just stop processing
without performing any different operation so that the process
load 1n plant monitoring and control can be further reduced.

Second Embodiment

Described next 1s a case where the plant monitoring and
control apparatus 10 shown in the foregoing first embodiment
1s allowed to perform forced exclusion operation in which the
state information or the simulated state information of the
objects to be monitored and controlled 1s forcibly excluded.

When a warning 1s output from the plant monitoring and
control apparatus 10 1n the event of a failure of a device in the
plant 20, for example, the output warning 1s continuously
grven until repair 1s completed. For this reason, the use of the
state information from the pertinent device 1s mnhibited until
the repair 1s completed after a supervisor has noticed the
failure. The forced exclusion operation 1s performed by an
externally imnput command.

FIG. 3 1s a diagram showing a label structure of DI data
which 1s state information 1n the separated information label
format generated by the input separating operation unit 2. As
shown in the Figure, the DI data 1s structured to include a label
name T1, a status bit T2 indicating mnput exclusion, an output
bit T3 indicating the value of data and a physical address T4
in which the data 1s physically stored.

When a command to perform the forced exclusion opera-
tion 1s externally entered into the plant monitoring and control
apparatus 10, the status bit T2 1s set to validate input exclu-
$101.

The plant monitoring and control apparatus 10 executes the
operation of steps s3a, s3b alter executing the real informa-
tion mput operation of steps s2a, s2b as shown in FI1G. 4 1n the
sequence of operations shown in FIG. 2 1n the foregoing first
embodiment.

First, the status bit T2 1n the data region of the DI data that
the mput separating operation unit 2 1s going to generate 1s
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judged (step s31), and 1f input exclusion 1s not valid, the input
separating operation unit 2 performs the ordinary input sepa-
rating operation. Specifically, the mnput separating operation
umt 2 generates the DI data converted into the separated
information label format by substituting the label and value of
the PDI data fed from the real information input unit 1 into the
label name T1 and the output bit T3 in the data regions of the
DI data, respectively. It 1s to be noted, however, that the input
separating operation unit 2 employs the PDI data generated
by the simulator unit 6 1n the test mode (step s32).

I 1input exclusion 1s valid 1n step s31, the input separating,
operation unit 2 substitutes the label of the PDI data fed from
the real information mput unit 1 into the label name T1 of the
data region of the DI data and forcibly substitutes O as the
value of the output bit T3. It 1s to be noted, however, that the
input separating operation unit 2 forcibly substitutes O as the
value of the output bit T3 of the DI data generated by the
simulator unit 6 in the test mode (step s3a: forced exclusion
operation).

Subsequently, the plant monitoring and control apparatus
10 performs the processing operations from step s4 1n the
same way as 1n the foregoing first embodiment.

It 1s possible to easily inhibit the use of the state informa-
tion from the objects to be monitored and controlled and the
simulated control information without moditying the soft-
ware by structuring the DI data to have the status bit T2
indicating mput exclusion and causing the input separating
operation unit 2 to forcibly set 0 as the value of the output bit
13 as described above. For this reason, 1t 1s possible to reduce
the process load 1n plant monitoring and control.

While the above-described embodiment has shown a case
where the use of the state information from the objects to be
monitored and controlled or the simulated control informa-
tion 1s 1nhibited, operation for inhibiting output of the control
information to the objects to be monitored and controlled and
the use of the simulated control information 1s performed in a
below-described manner.

FIG. 5 1s a diagram showing a label structure of DO data
which 1s control information in the separated information
label format generated by the control processing unit 3. As
shown 1n the Figure, the DO data 1s structured to include a
label name TT1, a status bit T'12 indicating output exclusion,
an output bit TT3 indicating the value of data and a physical
address T'T4 1n which the data 1s physically stored.

When a command to perform the forced exclusion opera-
tion 1s externally entered into the plant monitoring and control
apparatus 10, the status bit TT2 1s set to validate output
exclusion.

The plant monitoring and control apparatus 10 executes the
operation of steps s5a, s5b after executing the control pro-
cessing operation of step s4 as shown i FIG. 6 in the
sequence of operations shown in FIG. 2 1n the foregoing first
embodiment.

First, the output separating operation unit 4 judges the
status bit T'12 of the DO data generated by the control pro-
cessing unit 3 (step s31), and 1 output exclusion 1s not valid,
the output separating operation unit 4 performs the ordinary
output separating operation (step s52).

I1 output exclusion 1s valid 1n step s51, the output separat-
ing operation unit 4 generates the PDO data by forcibly sub-
stituting 0 as the value of the output bit TT3 of the DO data
(step s53: forced exclusion operation).

Subsequently, the plant monitoring and control apparatus
10 performs the processing operations from steps s6a, s66 1n
the same way as 1n the foregoing first embodiment.

It 1s possible to easily mnhibit output of the control infor-
mation to the objects to be monmitored and controlled and the
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use of the simulated control imnformation without modifying
the software 1n this case as well.

Third Embodiment

Described next 1s a case where the plant monitoring and
control apparatus 10 shown in the foregoing first embodiment

1s allowed to store and use the information (PDI data, DI data,
DO data and PDO data) which 1s generated and updated 1n

specific recurring cycles.

FIG. 7 1s a block diagram showing the configuration of a
plant momtoring and control apparatus 10a according to a
third embodiment of the mmvention. As shown 1n the Figure,
the plant monitoring and control apparatus 10a 1s provided
with a storage unit 9 which stores snapshot data (PDI data, DI
data, DO data and PDO data) available at a specific point 1n
time. The configuration of the plant monitoring and control
apparatus 10a 1s otherwise the same as that of the above-
described first embodiment.

Next, the working of the plant monitoring and control
apparatus 10q 1s described with reference to FIG. 8, focusing
in particular on an operational part related to storage of the
snapshot data 1n the storage unit 9. The working of the other
parts of the apparatus 10q 1s the same as 1n the first embodi-
ment. A command for storing the snapshot data 1n the storage
unit 9 may be given 1n various ways. For example, this com-
mand may be given by a switch provided 1n the apparatus 10a,
as an external input, or by transmission from an external
man-machine device. The snapshot data 1s stored 1n the stor-
age unit 9 according to the command thus given.

The plant monitoring and control apparatus 10a performs
operation of step s9 for introducing a specific time period of
delay prior to a succeeding cycle in a below-described man-
ner in the sequence of operations shown i FIG. 2 in the
foregoing first embodiment.

First, a judgment 1s made to determine whether the com-
mand indicating a snapshot data storage request has been
given (step s91). If the command has been given, the mput
separating operation unit 2 and the output separating opera-
tion unit 4 acquire all pieces of iformation (PDI data, DI
data, DO data and PDO data) available at that point in time,
1.€., 1n a preceding cycle (step s92) and store those pieces of
information as the snapshot data 1n the storage unit 9 (step
s93).

The plant monitoring and control apparatus 10a performs
the above-described operation within the specific delay time
and proceeds to operation of the succeeding cycle.

If no snapshot data storage request 1s given 1n step s91,
however, the plant monitoring and control apparatus 10a
simply introduces the specific time period of delay prior to the
succeeding cycle.

The snapshot data stored 1n the storage unit 9 1n the afore-
mentioned fashion 1s used in the test mode in a manner
described below. This part of the working of the plant moni-
toring and control apparatus 10a 1s now described with ref-
erence to FI1G. 9. It1s to be noted that, when using the snapshot
data which has been stored, the snapshot data is returned to
the data regions under conditions before storage of the snap-
shot data as the PDI data, the DI data, the DO data and the
PDO data, or the snapshot data 1s developed in the respective
data regions. A command for developing the snapshot data 1s
given from an external source 1n this case as well.

If the plant monitoring and control apparatus 10a 1s judged
to be 1n the test mode 1n step sl (refer to FIG. 2), the plant
monitoring and control apparatus 10a performs operation of
step s10 for developing the snapshot data prior to the succeed-
ing step s2b 1n a below-described manner.

First, a judgment 1s made to determine whether the com-
mand indicating a snapshot data development request has
been given (step s11). If the command has been given, the
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input separating operation unit 2 and the output separating
operation unit 4 read out the snapshot data from the storage
unit 9 (step s12) and return the snapshot data to the original

data regions, or develop the snapshot data into the PDI data,
the DI data, the DO data and the PDO data (step s13).

If no snapshot data development request 1s given 1n step
s11, however, the plant monitoring and control apparatus 10a

proceeds directly to step s2b.

It 1s to be noted that because the real information 1nput
operation of step s2b 1s stopped in the test mode, the plant
monitoring and control apparatus 10a proceeds to the opera-
tion of step s3b 1n actuality.

In this embodiment, there 1s provided with the storage unit
9 to store the snapshot data (PDI data, DI data, DO data and
PDO data) of the plant monitoring and control apparatus 10qa
available at a specific point in time, so that it 1s possible to
store and use with desired timing the individual pieces of
information (PDI data, DI data, DO data and PDO data)
which are updated 1n recurring cycles.

Also, 1n the test mode, the snapshot data 1s read out from
the storage unit9 and developed into the PDI data, the DI data,
the DO data and the PDO data, so that the simulated state
information and the simulated control information can be set
instantaneously.

The larger the scale of the plant 20, the less easy generation
of the simulated state information and the simulated control
information and the larger the number of pieces of informa-
tion to be set 1n advance 11 1t 1s desired to simulate a particular
plant state. Since the snapshot data indicating the plant state
can be read out from the storage unit 9 and used, however, 1t
1s possible to test the healthiness of the control processing unit
3 by quickly simulating the particular plant state.

Fourth Embodiment

FIG. 10 1s a block diagram showing the configuration of a
plant monitoring and control apparatus 105 according to a
fourth embodiment of the invention. As shown in the Figure,
the plant monitoring and control apparatus 106 1s provided
with a maintenance tool communication unit 17 for perform-
ing communication through a universal serial bus (USB) or a
network, for instance, making 1t possible to connect the appa-
ratus 105 to an external maintenance tool 11. While this plant
monitoring and control apparatus 106 1s provided with the
individual elements provided in the plant momtoring and
control apparatus 10 shown 1n the foregoing first embodiment
for monitoring and controlling the objects to be monitored
and controlled within the plant 20, these elements are not
illustrated for the sake of simplification.

The maintenance tool 11 1s provided with a control pro-
cessing program 14 1n which control processing logic used by
the control processing unit 3 1s written, a simulation program
15 1n which simulation logic used by the simulator unit 6 1s
written, a compiler unit 13 for converting the individual pro-
grams 14, 15 into a format which can be executed by the plant
monitoring and control apparatus 105, a data load unit 12 for
loading data in the plant monitoring and control apparatus
105 and a display unit 16 having an imnput function.

As 1t 1s necessary to modily the control processing logic
and the simulation logic as a result of a change, if any, 1n the
equipment within the plant 20, for instance, the control pro-
cessing program 14 and the simulation program 13 retained 1n
the plant monitoring and control apparatus 105 are revised as
described below.

It 1s assumed that the control processing program 14 and
the simulation program 15 within the maintenance tool 11 are
already updated programs written 1n the same language.
When the maintenance tool 11 1s connected to the plant moni-
toring and control apparatus 1056 and a modification com-
mand 1s entered into the maintenance tool 11, the control
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processing program 14 and the simulation program 15 are
compiled by the compiler unit 13 at the same time and loaded
into storage regions for the control processing program and
the simulation program within the plant monitoring and con-
trol apparatus 105, whereby the control processing program
14 and the simulation program 15 are revised.

The control processing program 14 and the simulation
program 15 can be modified by parallel processing operation
from the external maintenance tool 11 as described above,
thereby improving maintainability.

It 15 to be noted that the display unit 16 within the mainte-
nance tool 11 may be used for veritying the state information
and the control information during ordinary monitoring and
control operation and displaying result 1n the test mode.

Various modifications and alterations of this invention will
be apparent to those skilled 1n the art without departing from
the scope and spirit of this invention, and 1t should be under-
stood that this 1s not limited to the illustrative embodiments
set forth hereim.

What 1s claimed 1s:

1. A monitoring and control apparatus for controlling an
external object to be monitored and controlled by performing
specific control processing operation based on state informa-
tion collected from the object to be monitored and controlled,
said monitoring and control apparatus comprising;

a real information mput unit for recerving the state infor-
mation which 1s a physical signal input from said object
to be monitored and controlled and converting the state
information into a real information label format which
can be processed by software;

an mput separating operation unit for label-converting the
state information converted into the real information
label format into a separated information label format
and outputting the state information thus converted;

a control processing unit for performing said specific con-
trol processing operation based on the state information
label-converted 1nto the separated information label for-
mat output from said input separating operation unit and
outputting control information in the separated informa-
tion label format;

an output separating operation unit for label-converting the
control mformation fed from said control processing
unit into the real information label format;

a real information output unit for converting the control
information label-converted into the real information
label format into a physical signal and outputting the
physical signal thus converted to said object to be moni-
tored and controlled;

a simulator unit for simulating said object to be monitored
and controlled by using the control information 1n the
separated 1information label format which 1s an output
from said control processing unit as an input and output-
ting simulated state information in the separated nfor-
mation label format; and

a switching unmit for switching said momtoring and control
apparatus between real operation for monitoring and
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controlling said object to be momtored and controlled
and simulative operation for operating said simulator
unit.
2. The monitoring and control apparatus according to claim
1, wherein an 1input side of said control processing unit and an
output side thereol are connected to said mput separating
operation unit and said output separating operation unit,
respectively, an input side of said simulator unit and an output
side thereof are connected switchably to said output separat-
ing operation unit and said put separating operation unit,
respectively, and wherein said switching unit switches an
input device of said control processing unit and an output
device thereot to said simulator unit by performing switching
operation which allows said simulator unit to exchange infor-
mation to and from said output separating operation unit and
said 1nput separating operation unit during the simulative
operation.
3. The monitoring and control apparatus according to claim
1, wherein processing operation by said real information
input unit and processing operation by said real information
output unit are stopped during the simulative operation.
4. The monitoring and control apparatus according to claim
1, wherein the state information in the separated information
label format generated by said input separating operation unit
has an output bit and an externally settable status bit indicat-
ing input exclusion, and when the status bit indicates 1mnput
exclusion, said mput separating operation unit forcibly sets
the value of the output bit to O.
5. The monitoring and control apparatus according to claim
1, wherein individual pieces of information in the real infor-
mation label format and the separated information label for-
mat are updated by one of the real operation and the simula-
tive operation in specific recurring cycles, and all the pieces of
information available at a specific point 1n time are stored 1n
a storage unit 1n response to an externally input request.
6. The monitoring and control apparatus according to claim
5, wherein the information 1n said storage unit 1s read out and
used for the simulative operation 1n response to an externally
input request.
7. The monitoring and control apparatus according to claim
1, wherein an external maintenance tool for modifying a
control processing program used by said control processing
unit and a simulation program used by said simulator unit 1s
made connectible to said monitoring and control apparatus,
saild maintenance tool being capable of modifying of the
control processing program and the simulation program by
parallel processing operation.
8. The monitoring and control apparatus according to claim
7, wherein there 1s provided a display unit for displaying
individual pieces of information 1n the real information label
format and the separated information label format, said dis-
play unit serving also as a display unit of said maintenance
tool.
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